E. M. MRAK AND L. B. McCLUNG EXPERIMENTAL PROCEDURE
Grapes (at various stages of maturity ranging from firm green to soft ripe, and in a few instances, the raisin stage), grape must, and pomace were collected in various grape and wine-producing areas primarily in Central California. In addition a few samples of cloudy bottled wine, vineyard soil and grape leaves were included. All wine samples were from unsulphited naturally fermented musts. All samples were collected in sterile jars and examined as quickly as possible. The grapes were crushed in the original containers and incubated at room temperature. Sterile 100 Balling grape juice was added if needed. Streaks on wort agar were made as soon as fermentation started, and in some instances after it had ceased. Purification was accomlished by three platings on agar with isolated colonies in each case picked to grape juice. Cultures were identified in accordance with the procedures and systems of Stelling-Dekker (1931) and Lodder (1934) . Color comparisons were made with the charts of Ridgway (1921) . Carrot, beet, potato and cucumber wedges and Gorodkowa agar slants were used as sporulation media. Other media were used only when spores failed to form on those listed. In a few instances sporulation occurred on cucumber wedges only. The utilization tests with anascosporogenous yeast were conducted with synthetic liquid medium rather than auxanogramic plates because the liquid method expedited the determinations and gave results comparable to those obtained by the auxanogramic method.
Considerable difficulty was experienced in the differentiation of the families Rhodotorulaceae and Torulopsidaceae because of the inconclusiveness of the carotene crystallizing experiments. Numerous attempts to obtain crystals from Rhodotorula rubra (Demme) Lodder were often doubtfully positive. Prolonged storage (6 weeks) of the cells in the Molisch solution seemed to give better results. It was necessary to rely to a considerable extent on visible color differentiation as well as on the carotene crystal method to differentiate the two families.
A large number of the cultures differed slightly from forms described by others. Satava (1934) , Winge (1934) and Winge and Laustsen (1937, 1938) which have established the occurrence of haploid and diploid generations as well as hybridization in yeast, it is inadvisable to establish new varieties or species unless the differences are considerable. A large number of organisms showing only slight variations from described species have been included in existing species or varieties. Such differences, however, are discussed in the text as a matter of record.
RESULTS

Sporulating yeasts
Genus Saccharomyces: Ninety-five of 118 cultures of Saccharomyces were identified as S. cerevisiae Hansen and only 4 as S. cerevisiae var. ellipsoideus (Hansen) Dekker. Wine yeasts are normally included in the ellipsoideus variety of S. cerevisiae on the basis of cell shape and size, but it is very difficult at times to distinguish the variety on cell morphology alone. Since many of the cultures identified as S. cerevisiae Hansen were isolated as the predominating organism from naturally fermenting musts it is quite possible that they are ecologically different from the type cultures of S. cerevisiae and S. cerevisiae var. ellipsoideus, although the physiological characteristics used in taxonomy are similar.
Three cultures (16B1, 37B1, 74A1) were termed S. oviformis Osterwalder, although they differ slightly in slant culture characteristics. S. oviformis is described by Stelling-Dekker as producing smooth, slightly glossy slant cultures with waxy borders. The slant culture of 74A1 is similar to that of S. oviformis but that of 16B1 differs by having a finely contoured surface and lacerate border. Subgenus Zygosaccharomyces: Cultures were assigned to Zygosaccharomyces only when conjugation preceded spore formation. In most cases sexuality was observed rather infrequently. In several instances conjugating cells formed only sterile "dumbbells" on beet wedges. These organisms were assigned to the subgenus Saccharomyces rather than the subgenus Zygosaccharomyces although Stelling-Dekker assigned Z. japonicus, which displayed similar abortive sexual characteristics, to the subgenus Zygosaccharomyces. This culture, however, had been maintained in the laboratory for a long period of time.
Two cultures (31A3 and 40A1) were identical with Z. priorianus Klocker and 11 were similar. Eight other cultures were included in this species although the vegetative cells were slightly smaller and the slant cultures somewhat more smooth than those of the described culture. Our cultures utilized alcohol slowly, whereas Z. priorianus does not.
Cultures 48C2 and 213 have been termed Z. barkeri Saccardo and Sydow although they ferment sucrose and raffinose more rapidly than the organisms described by Stelling-Dekker.
Genus Pichia: Four species of Pichia were represented as follows: P. alcoholophila Klbcker (83B1), P. membranaefaciens Hansen (83A1F), P. neerlandica Lodder, and P. belgica (Lindner) Dekker (220). Although culture 83B1 was designated as P. alcoholophila, it varied from the description of this organism by producing a finely wrinkled slant culture and failing to produce definitely allantoid cells. The two cultures of P. neerlandica differed from the organisms described by Lodder in failing to produce slant cultures with serrate edges.
Subgenus Zygopichia: Two cultures (represented by 53B3TW) very similar to Z. chevalieri (Guilliermond) Kldcker were isolated from wines. These cultures liberate their ascospores soon after formation so that the sexual character is easily overlooked. A few spores with very small brims have been noticed, but the majority of the spores are hemispherical.
Genus Debaryomyces: Relatively few cultures of Debaryomyces were obtained from grapes and grape products although species of this genus have been found commonly in California on other products by Mrak and Bonar (1939) . Two cultures (7A1 and 7B1) similar to D. globosus Kl6cker differed by failing to produce a pellicle on alcohol medium. A single culture (50B1) was similar to D. maturuchoti Grigoraki and Peju except for slightly smaller cells and less moist slant culture. Genus Hansenula: Although species of Hansenula have been observed on various food products produced in California, only four were isolated from grape products. One (192) is very similar to H. anomala var. sphaerica (Nageli) Dekker except that the streak culture is slightly punctate rather than mealy.
Culture (216-H) is similar to Hansenula pans Castelli except that the, spores are globose rather than hat-shaped, and alcohol and nitrate are not utilized. These differences are sufficient to warrant specific segregation which, however, will not be made here since a study of this entire genus is being made by C. L. Bedford of this Laboratory. Designation of species and varieties of this genus are likewise withheld for the same reason.
Genus Torulaspora: A single culture (56B4) of Torulaspora rose Guilliermond was isolated from grapes. This culture is identical with that described by Stelling-Dekker, but is unusual in forming frequently three spores per ascus and numerous rather long copulation trial tubes.
Genus Hanseniaspora: This genus is commonly found on grapes and musts in Europe. Bioletti and Cruess (1912) Three cultures (41B3R, 58B1, 116A) were similar to T. pulcherrima (Lindner) Saccardo but formed slant cultures that were smooth and dull rather than shiny. A second group of six cultures, typified by 31A1W, failed to show definite utilization of alcohol and urea. A third group of 10 cultures, typified by 124A, differed from Torulopsis pulcherrima in forming dull smooth slant cultures.
Three cultures of non-film-forming budding yeast with globose to spherical cells (represented by 80C2) were assigned to the genus Torulopsis although they were strongly fermentative and in this way distinctly different from any of the described species. These organisms are described as Torulopsis californicus Nov. (3.5-10.5,u) and average 4.5 x 6 M. Thin pellicle and ring appears on wort culture after 4 days. Cells form abortive conjugation tubes on cucumber and beet wedges. Glucose, fructose, and mannose fermented slowly. Sucrose, maltose, lactose and raffinose not fermented. Utilization of alcohol in synthetic medium doubtful. Peptone, asparagin, ammonium sulfate and urea assimilated, nitrate not. Slant cultures ivory yellow (sometimes with a pinkish tint), smooth, dull, dry, convex with lobatelobulate border. Giant colonies cartridge buff, smooth, moist and glistening in the center, dull and dry at the border, flat with entire border. Gelatin liquefied in 60 days.
Genus Schizoblastosporion:1 A single culture was isolated from grape leaves. Bud-fission was quite evident in actively growing wort cultures when the organism was first isolated. After prolonged cultivation (3 years) on wort agar, however, this characteristic was much more difficult to observe. Observations made on an authentic culture of this type species revealed that the bud fission character was likewise not very evident in this culture which had been held in culture for a number of years.
The culture isolated differed very slightly from Schizoblastosporion starkeyi-henricii Ciferri (98A1C) in slant and giant colony characteristics and cell size. The streak culture of our culture was relatively dry and dull. The giant colony was not raised in the center, and the cells were slightly larger than those of a type culture.
Mycotoruloideae: The taxonomy of the organisms belonging to this subfamily is so confused at present that it is useless to attempt to identify species. Langeron and Guerra (1938) grouped the genera of the subfamily Mycotoruloideae into the single genus Candida, including the various species studied in seven groups. Our cultures fit into group five, characterized by fermenting glucose and levulose only, and group seven, characterized by failing to ferment any sugars. Recently Diddens and Lodder (1939) proposed a scheme for classifying the organisms of the subfamily Mycotoruloideae whereby the subfamily is comprised of the genera Candida Berkh. and Trichosporon Behrend. They divide the genus Candida into four groups. designation of our cultures is withheld pending publication of a monograph on the subfamily Mycotoruloideae by Diddens and Lodder. Genus Rhodotorula: Six cultures of red-colored non-sporulating yeast were isolated. It cannot be stated definitely, however, that any of these organisms belong to the genus Rhodotorula because of the difficulty experienced in obtaining reproducible results with the Molisch technique for the crystallization of carotene, as previously mentioned. Further consideration is being given this particular problem. In view of these difficulties the cultures designated as Rhodotorula have been judged so on the basis of morphological and physiological characteristics and by comparison with an authentic culture.
Three of the organisms, similar to 56B2S, are similar to R. sanniei (Ciferri and Redaelli) Lodder except that the cells of our cultures are slightly smaller and the slant culture is smoother than those of R. sanniei. The other 3 cultures, represented by 114A3, are similar to R. glutinis (Fres) Harrison as described by Lodder.
DISCUSSION
The 241 cultures of yeasts fell into the genera presented in table 1. The genus Saccharomyces was obtained most frequently, and the next most common group consisted of the apiculate yeasts, Kloeckera, Kloeckeraspora, and Hanseniaspora. The latter genera, however, were obtained more commonly from grapes than from musts or wines. Cultures of Torulopsis and Candida were obtained commonly from grapes. This distribution is in general agreement with the findings of De Rossi (1935), Castelli (1935b Castelli ( , 1938 , and Verona and Luchetti (1936) in the wine-producing regions of Europe. The organism most commonly obtained from cloudy bottled wine was Saccharomyces cerevisiae although occasional cultures of Candida, Pichia, Zygopichia, and Torulopsis were isolated. No definite correlation between the distribution of any genera or species with a particular district has been observed.
Cultures of the organisms, especially described in this report,
